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TECENICAL NOTE NO. 1275

A LIFTING-SURFACE-THECRY SOTLUTION AND TESIS OF AN FLLIFTIC
TATL, SURFACE OF ASFECT RATIC 3 WITH A
0.5 CHEURD 0.85-SPAN ELEVATOR

By Robsrt S. Swanson, Stewsrt M. Crendsll, and Sadie Millew
SMARY

An electromagmetic-enalogy modsl of the vortex load, esti-
mated from lifting-line theory with an arblirary fairing near the
elevator tip, on-a thin elliptic horizontal tall surface of aspect
retio 3 with a 0.5-chord 0.85-span plein elsvator was constructed
and teated. The aspect-rabio correctlons tc the 1ift and hinge
maments were calculated from the measured results,

& comparison of the agpect-ratio corrections for the periiai-
gpan elevators wes made with those previously prosexnted for ull-
gpan elevators. The commwsrison indicetes that the incremsntal
difference in the 1ift parameters between the full-span and the
partial-spen elevators mey be estimated satisfactorily by lifting-
line theory. The incrementzl differencs for the curve of hinge-
moment coefficlent ageinst angle of atbtack is usually smell, Only
gbout 1C percent of the incremental differsnce for the slope of the
curve of hinge-moment coefficient cgminst elevebor deflection is
glven by lifting-line theory; the total liftirnz-surlace-theoxy
increment 1z -0.000S per degres for the confisuratlion considsred.

Wind-tunnsel results for a tall surface of the same plan form
are presentsd., The differences in estimeted lifting-surface aspech-
ratio corrections for the full-span and the partial-spsn casss were
checked satisfactorily by the experimentcl date. A few tests with
a cub-out for the rudder were also presenbed. The effects of the
cut-out on the hinze-moment characteristics wore large.

JITRODUCTION

A method was presented in reference 1 for estimating the finilte-
span values of the 1ift and hinge-moment parameters of full-span
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elevators from the section data. The present investlgation was
undertaken in order to provide some data from which the 1lift and
hinge-moment parameters for pertial-span elevators could be esbi-
mated. The case presented is that of a thin elliptic horizontal
tail surface of aspect ratio 3 with a 0.5~chord 0.85-~span plain
elevator.

References 1 and 2 showed that it is necessary to use lifting-
surface-thecry aspect-ratio corrections to estimate satisfactorily
the finite-span hinge-mcment parameters. Lifting-swrface~theory
solutions are usually determined by a rapidly converging process
of successive approximations, of which the first approximation i=s
the lifting-line-theory solution., For partial-span elevators or
flaps, however, the contour lines of constant circulation strength
(see reforences 3 and 4) calculated by means of lifting~line theory
have abrupt discontinuities near the elevator tip, as shown by the

contour lines of the circulstion function in figure 1. Since

T maRT
such sharp bends in the contour lines are smoothed out by aerodynamic
induction, & more satisfactory loading may be obtained for the next
approximation by erbitrarily fairing the contour lines so that they
are’ smooth in the reglon Just upstresm of the clevator tip. The
contour lines on the elevator 1tsclf are smootii and therefors noed
not be altered. In order to obtain some idea of the bost means of
accomplishing this fairing, the three-dimensional preesure-distribution
data of reference 5 for a rectangular wing with portial-span split
flaps were intograted to obtain contour lincs of constant clrculation
strength. For comparison, the contour lines for the experimental
span loading, divided inbto flap-type and anglo-of-atback-typo
loadings (reference G6) by use of the principlos of 1lifting-linc
thoory, were also constructed. Both sets of contour lines are glven
in figure 2. In figure 3 are presented the contour lines of figure 1
refaired similarly to the contour lines of tha -experimental data
presented in figure 2.

An electromagnetic-analogy model having the contour lines of
flgure 3 was then constructed and tested. Tho incremontal 1lifbing-
surface-thoory aspect-ratio corrections wero dotormined by calculating
the increments of chordwise and spanwlso loading thet would result
for a 1lifting surface shaped to correspond to the éifforence bobtween
the mecsured downwash and the downwash dotormined Ffrom tho two-
dimensional theories for the same contour pattern (fig. 3). In the
calculation of the incremonte of the 1lift and hinge-moment parameters
(2dd1tional aspect-ratio corrections), the difforence between the
downwash measured for the failred conbtour pattorn of figure 3 and tho
downwash calculated from tho 2 two-dimensionesl thsories for the same
contour pattern are assumed to be nearly equal to the corregponding
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difference in the measursed and calculated dowrwash for the contour
pattern of flgure 1.

In order to provide an experimental check of the aspect-ratlo
corrections, some wind-tumnel tests were meds of & model of the same
plan form and of NACA 0009 airfoil section, with both full-span and
partial-span elevators. The results, together witll some addftional
data showing the effect of elevator cut-ouls, are vresenbted in
appendix A.

The hinge-moment corrections for "feeler ailerons" {emall-span
wide-chord ailerons at the wing tips) designed ‘to provide the stick
feel for thin-plate, vectractable~typs, lateral-conirol devices are
of current Interest. In order to provide some data for these arrange-
ments, the hinge-moment aspect-ratio corroections for a 0.5-chord
0.15-span feeler ailleron on a wing of aspect ratic 3 are briefly
summarized in appendix B. ' '

SYMBOLS
I - circulation strength
Cr, 1ift coefficlient
Cy section 1ift coefficient
Cn gection hinge-moment coefficient

Cn hinge-moment coefficient

a, sectlon slops of 1lift curve, per radian

o angle of attack

' c

o effective angle of attack, radians ( -—-Z->
- - \ 25

@y two-dimensional angle of atback

ts] elevator dsflechtion
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tab deflectlion

vertlcal component of Iinduced velocity
Jonss edge-velocity correction factor for 1ift {refercnce T)

effective edge-velocity correction for 1irt of elliptic wing
with partial-span flep (see references 1 and T)

free-ptream velocity
chordwise distance from wing leading edge

chordrxlse dlstance from wing leading edge to point ¢t vhich
downwesh 1s desired

spanwige distance from plane of symmetry
chord

center-gectlion chord
root-nmean-gguare chord of elevator -

gpan of tall

trailing-edge angle, degrees
dynamlc pressure

erea of tail

span of elevator

aspect ratio ( e/ S)

hinge-moment factor for theoretical load caused by streszmline-
curvature correction (reference 1)

experimentelly determined reduction factor for F +to include
the effects of viscosity (reference 1)

Increment

increment of parameter; velue for elevetor with full-span
flap minus value for elevator with partlal-span flap

*
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At? increment of parameter; walue for elevator with no cub-oub
minus value for elevator with cut-out

Paranesters:
1, (acz/«?;mo)s = a,
018 ‘ (ECZ/BS -

. (&) |- 9‘?’"’
) ‘ (CJLJ3§}

(ds)cL

Ch6 (ach !Oéla 5

SN CNS

The svbscript outside the parenthesis indicates the factor held
congtent in debtermining the parsmster.

SCL.foe )y

5,8,

Subascripbss

L 1ifting-line theory

LI modified 1ifting-line theory
1S lifting~surface thsory

strip strip

max ma i
TE trailing edge
e elevator or effective

Fy

flap ’
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s) elevator-deflection-type load

angle-of ~attack~type load

e

Aoai incremental induced angle~-of~attack-type load

i induced
SC gtreamline curvature

Anguler measures are in radians in the text and in degrees in
appendixes A and B and teble I unless specified otherwise.

ELECTROMAGNETIC~-ANALCGY MODEL

Lifting-line~theory vortex pattern.- The vortex pattern for an
elliptic tail surface of aspect ratlo 3 at zero engle of attack with
a 0.5-chord 0.85-span elevator deflectod 1ls desired. In order to
determine the vortex pattern, it i1s necessary to kncw the span load
distribution as estimated from lifting-line theory and the chord load
digtribution as estimated from thin-airfoil theory.

The spen load distribution for an elliptic wing having an aspect
ratio of 3 and a secticn slope of the 1lift curve of 2x per redian
and with 0.85-span elevator vas determined quite acourately. from
unpublished influence lines similar to those of »efcrence 8, but
calculated for ellipbtic wings. The span load distribution, in terms

coc.e

of the parameter s> 18 glven in figure by
8

[0

The chordwise circulation funchtion mist be known For both

CCZ
a flat plate at an angle of attack and a flat plute at zero argle of
attack with a O.5-chard elevator deflected. The mathematical
expressions for these functions are given in referoncos 3 and 9§ and
curves of the functions as estimated from thin-airfoll thoory aro
broesented in figure 5.

In order tc construct the vortex rattern,it is necessary to
coy
determine how much of the load ( —2 of fig. 4] at each section is
\ Cg
elevator-type loading and how much is angle-of-é:b‘cack-typc loading.
According to the assumptions of 1ifting-line theory, the amount of
elevator-type loading is that given by strip theory; that is, this
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loading is equal to the two-dimensicnal loading with eerodynamic
induction neglected. The induced loading is eantirely angle-of-
attack-type loading and is equal to the loading obtained by strip
theory minus the actual resultent loading given in figure L.

The strip~theory lcading over the elevator span in terms of

Cllg c
the paremeter — is egqual to = (see fige 4) since a, = & by

Cg B .
definition. The circulation strength of elevstor-type loading there-

fore is equal to ( LP) £.., The circulation strength of angle-of~-

cciV Cg

/o0 \ e %
attack-type loading is then equal to — -~ If all
: chV Cg Cyt
. \ o
valuse of circulation strength are divided by the meximum value at
‘the wing center section, the valuea of I'/T ey 80 any spenwise

[

station :n—y/_’: and at any chordwise station x/c can be determined
frem figures 4 ané 5 by the formulas that follow. For values of 2

b/2
. froem 0 to 0.85,
. <ar>c__<ep>9___c%
ce,V c ceqaV/ '\ Cg c.C
5 ) 8 1 a 8
- (1a)
max _el'
'CBG-LV -
For values of —'Z- from 0.85 to 1.0,
b/2
2r cooe\
1,‘ GCzV d, CSG’
= (1b)
T /2l
kCSC'Z'V/
: ‘max

Contour lines of 1_—_‘—11—- determined from equaticns (1) for this con-
N max :

figuration are given in figure 1.
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Modlfied lifting-line-theory vortex pattern.- As stated in the
"Introduction, " it is desirable to fair the contour lines arbitrarily
in the region Just shead of the elevator tip in order to simplify
the constructlion of the model and to account epproximately for the
¥nown smoothing effects of aerodynamic induction. The fairing over
the reglon occupied by the elevator was not altvrad. The contoir
lines of figure 3 wore obtained by fairing the curves of figure 1
similarly to the contour lines of flgure 2. Tue conbour lines of
figure 3 weroc thon used as the first approximation tc the circulation
strength (called modified lifting-line-theory loading).

Construction of Model

An eloctromagnetic-analogy model (fig. 6) of the loading
repreosented by the contowr lines of fimure 3 was constructed and
tested. The model was constructed of 100 wires remresenting the
incremental vortices. The wires used weroc Be & S. No. 15 gage
(0.057 in. diam.) copper. The spen of the model was 100 inches , and
the wake extonded 2.4 semispans from the leading edgo of the root
scctlon. The test setup, measuring equipment, and mothods wsre
similer to those described in reference k4.

LIFTING~SURFACE-TEEORY CALCULATIONS FOR DOWNWASH

Bocause tho additionsal lifting~surface-theory plen-form cor-
rectlons are determined from the differcnce Lotwoen the actual
dovnwash moasurements and the velues estimatod by lifting-line and
thin~alrfoil thoorios, it is necessary to calculato the downwash
from these two-dimensional theories, as woll as to measure tho
downwash for the electromagnetic-snalogy model.

Downwash Calculated by Two-Dimonsional Theorios

Lifting-line-theory loading.- The downwash ¢iven by the £ two-
dimensional theories corresponding to the liftIng~line-theory loading
1s, of course, cqual to the goometric slope of the surface timos tho
freo-stream velocity. This valuo of downwesh io everywhoro zero
except over the elevator itsolf. Over tho olevetor the downwash is
oqual to BV wvhere

1 i) ¢y
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and
oy = EPs‘crip
cV
QI‘TE o
a cV Opg
and therefore
'Wa = oV

(a.a)cz lq %e°

The downwesh in terms of a nondimensional paramoter is thus

<.ff9....\\ = 2 (2)
oT c (cm
max e
8 —lso) (®)_
-b/Q_ CSCL ( )CI (o 1)
since
I1:&11&:: = PTE
and '
S _Ze .
gt
where
l:‘,8 = C

ce,
From figure L, (———e-) = 0.59; for a thin airfoil, Cly = 2%
max

Cg%
Co ’
for — = 0.5, (%) - Z* 2 ond for an elliptic wing of
c CZ 21
c
A= 3, ;—;—5 = 58; The Increment of downwash over the flap there-

fore 1s (D;b \ = 0.778.
= max/s
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The downwash corresponding to the spanwise distribution of ?TE

1s just neutralized by the downwash corresponding to the bound
vorticity of the induced load (of angle-of-attack type). This down-
wash must be calculated, however, in order to deterriine the modified

lifting~line-theory downwash.
‘The dowvnwash resulting from serodynemic induction is equal
to WV or (m = mbyva Over the ssecticns of the model wlthin the

elevator spen, o = 8(@5) 3 and over the sectlon outboard of the
¢1
elevator, o = 0. For all sections

el

cr‘e B C-L cv
o
glnce
ceV CIOSG':GGV
Ipg = 2= = =

=

The induced dowvnwash over the span of the elovator is thus

Cltg
Wb wh 1 Cgt

(;I’ “\er (&6>c TS (z)

- max/, ““max 1w ) 5%

“IL 8 p/2J\ ¢ o

8 /max
and over the sections outboard at the elevator is
ca,

b/2 J\cqa

/ £N max
cety.

A Cgt

= - 8<2- oy (L)
.CS) (_‘"’;&

Thess downwash paramoters are plotted in figure T

max
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Modified lifting-line-theory loading.~ The additionnl aspect-
ratio corrections are determined from the difference between the
measured lifting-surface-theory downwash and the downwash calculated
from the two-dimensional: theories for the modified lifting-line-
theory loading. The downwash corresgponding to the arbitrery falring
of the contour lines (fig. 3) must therefore be calculated by the
two-dimensional theories. Because the span lcading was not changed
by the arbitrary falring, the component of dowmwash corresponding to
the spenvise distribution of Iy (equations (3) and (X)) is

J

unchanged. The chordwise distribubicn bebueen the stations -b—/E:O.TO
and j_ = 0.95 was altered.
bf2

The procedure used In calculating the chordwise dlstribubion of
the downwash was to plot the magnitude of the altered contour lines
agalinst the chordwlse position in a form similar to figure 5. The

curve of P/Pmax thus obtained cen be integrated by means of the

Bilot-Bavart law to obtain the downwash at any point x, as follows:

y——

b/2 ,
wb 1 1 d—(P/me) P
2T " 2x Xo X b/2 (3}
“‘max x . a /

o b/2 b2 b/

The curve of P/Pma:x: was inj:egra.ted by assuming that each small

segment of the curve could be approximated satisfacterily by a
parabola, a procedure similar to that presented in reference 3.

The sum of the downwash dus to the bownd vorticity p/rm

given by squation (5) and the downwash induced by the spanwise dis-
tribution of PTE (equations-(3) and (k)) gives the incremental

downvash caused by modifying the contour lines of figure 1. The
Incremental values with the geometric dowmwash give the total
modified lifting-line-theory downwash.

Values of nondimonsional downwash for the first-approximation
or modified lifting-line-theory loading are prescnted in Pigure 8.
The downwesh curves are rather irregular, as might be exXpected,
gince the falring of the curve of P/Fma.x was done entirely

erbitrarily and any slight errors in this curve show up %o a very
magnified scale in the dcwmwash curves.
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Downwash Measurements from Electromagnetic-Analogy Model

The magnetic-field strength of the electromagnetic-analogy
model was measured at four or five vertical heighis, 25 spanwvise
stations, and from 25 to 60 chordwise stations. A nmuber of repeat
teats were made to check the accuracy of tho measwrements, an
satisgfactory checks were obtalned. , :

The measured data were faired, extrapolated to zero vertical
height, and convorted to the nondimensional downwash function

(,,_;b ) as discussed in reference L. Corxrrections for the finitoe
- 1S

max

length of the tralling vortex sheet were calculated and applisd as

indicated in reference 4. The final curves of (——-"_f-?--\) for the
\ IIJBJC/IS

two semlspans wore then averaged and are prugented in figure 9.

Incremental Values of Dovmwash

In figure 10 are presented the incremental values of the

nondimenslonal dovawash A ;‘V'b as dotermined By taking the
. {‘Pmax s .

difference between the lifting-surfaco-theory values of figure 9
and the values obtained by the two-dimunsional thouoriecs for the

modified lifting-line-theory loading of Ffiguwro e

DEVELOPMENT OF ASPECT-RATTIO CORRECTION FCRMULA
Geoneral Prococdurs

The incrementel lifting-surface~theory aspoct-ratio corroctions
are detormined by calculating the increments of chordwise and span-
wise loadings that would result from a lifting surface sheped to
correspond to tho differences bebtwoon tho lifting~surfsco-thoory
dowvnwash and the downwash detormined fram the “wo-dimcnsional
Theories, that 1s, the loadings of a lifting surface with shape
glven by letting the slope of the surface equel the dowvnwash
digtribution of figure 10.

Because the incremental aspect-ratic corroctions are reagonably
small, approximate formulas are usually uscd %o cvaluate them. Tho
methods and formulas usually used are givon in reforence 1 and include
first-order compressibility corrections (refurenco 10). Some pro-
liminary computations were made by more exmct mothods for the present
case, 1in vhich the downwash near the elevator tip is so irrepular.
These preliminary computations indicated that the corrections would.
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not be glven with satisfactory accuracy unless the achtual chordwlse
variation in dowawesh was used., The following formulas are there-
fore divelcped by use of thin-airfoil-theory methods (references 11
and 12),

The following develomment of the aspect-ratlo corrections was
made by meaens of inccmpressible-~-flow relgtions. First-order com-
pressibllity corrections msy be esbtimated by use of the linsar
perturbation theory of referencs 10 &8 vas done in refersnce 1.

Lifs

The incremental correction to the 1lift of an elliphtic tall
surface is

1.0 :
AC _l—t A 2.[1maX' Acy S 3 F\ (6)
L% +2 v ez ¢ \p/2
vV
bey
where values of the parsmeter are obtained from the data

Tpax
I1's

pregented in figure 10 through the use of the relationshlp

o -Lp{‘l'oA i A
Loz Toexfg\l, =
C

(9% .

(el R

(7

derived from thin-sirfoil theory. (See equation (25) of cheptor IV
of refercnce 11.)

Evaluation of (bCLS) requires an estimation of the relation
is

between Fmax and the elevator deflection B, In accordsnce with

- .

1ifting-line theory, (E'SE) = 0.59. (See fig, 4 for this
8 nax

particular wing-flap combinstion,)
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Thus,
%y = 0.59c
o= 0.59(055)01 &
2
O = o.59<"2‘;T )a
and

r = = — gy = ogV(1.517) (8)

(%) CL

).

for full-span elevators. If the assumption is msde thet this
correction is evproximately proportionsl to the elevator span and
if the Jones edge-velocity correction is epplied, a more neerly
correct relatlon between I'mgxy and & cen be obbained from the

following epproximation:

Ia reflerence 1 are given values of the ratio

A+o2 {- (G'S)CL be
I pog =T - 1o 41 (9)
9% T BN AR 4 2 1 (% )e, b
IS :
or
Tax 1517 x84+ 2 (“5)0;5 1 Pg L1ls (10)
= P _L .b-—-

BV At AR+ 2 (ons)cz J
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and
% ) 1.0
S5 A+2 ( bL b . Acz
(ACLB) - 22 = -1 E-e-+1 (1)
B ﬁe (AE'!‘ 2) (dc) Q-L 0 m&x CB /2
bV
Therefore

iz
bV

1.0 aYe! /
1 ¢ N
(mLa) = 0.855 — af{—
IS o ; Cg b/2

For the present case of a horlzonbal tail of aspect retio 3, with a
0.5-chord 0.85-span plein elevator

0.855 x 0.41

(mLa)Ls

il

0.35 (12)
The lifting-line-theory value of CLg for an ellipbtlc wing
with a partial-gpan constent-percentags-chord elevator is given by

' be/b c /37'
SA(%)CZ n ;_B- é ﬁ)

(CLs) rewe . (23)

for a liff-curve slope of 27!.

For the wing under discussion with a wvalue of (ms)c or X 2

(CLS)IL =287

end

(OLS)IS = (CLa)IL - (ACI'G)LS = 2.52
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If 1t 1= sssumed that the concept of an effective edge-velocity
correction (see reference 1) can be usocd in the partial-spen-flap
cage, then

0.93 X eﬂ(as)czﬁ“ 0.93(7t + 2)A

(CLS)LS By A, + 2

2.52

which glves for FEe, & value of 1.23. Thus, for section slopes of

the 1ift curve not equal to 2xn, +the following assumption may be
made:

0.5301, ),
<CL5)LS ) o1, ()

Hinge Moment

Determination of (Chs)LS.— The lifting-surface-~theory hinge-~
moment parameter (ch&)]:s is given by the expression

(ChS)LS = (Cng). * ("30115)LS (15)

Because the combour lines over the elevator were not eltered from
those computed for the lifting-line-theory load, the lifting-line-
theory value of the hinge-: »ment coefficient for the modified load
is identical wilth that for the ummodified load. This value is

a be b (:D
(celc)" “lme i

2
c = Cha = Of . el 3—) d@ 6)
‘(ha)m' o (cTe/cs)e:j-:‘—a o L o8 LL(GB /2 .
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FProm the wing gecmetry

2
(CEEL_ = 1.55

T 2 v
(celcs) TDE

From the downwash crrves of flgure 7 the integral may bes evaluated
ag 0.2215. This evaluaticn assumes the span-lcad cuwrve to be
unchansed by small changes in the slope of the 1ift curve. Equa-
tion (15) may bo writhten as

(Clls)LS = %ng T O_'3m‘°hm * (_Mns')m (a7

The liftingz~surface-theory correction to the slope of the
hings mcment sgainst elevator deflection (Ach8> is equal to the
' Is

hinge mcment cf a 50-porcent-~cherd elevator on a euxrface, which is
given by the difforence in the mesasured downwash end the lifting-
lino-theory dowmwash (figz. 10). Over most of the wing, the difference
in downwash is oquivelent to a parebolic-src-camber airfoil at an
angle of attack.

The hinge-mcment corrections are computed by thin-airfoil-
theory formula in two parts (soe reference 1) as follows:

(0) - (20, + (o) e

The increment (Acha) is obtained from the induced downwash at the
‘I,

0.5~chord point. The increment (ACh8> is nob a streamline-curvature
3C

correction in the ssnse used in reference 1, since the downwash curves
near the outbvard end of the flap define a somswhat irregular surface,
not a parabolic-urc surf:i-:e. The hinge-moment corrections estimated by
the two methods, although apprecisble, are not too great; therefore,
for the purpsse of simplifying the system of notation and in order that
the viscosity efficiency factor 1 for parabolic-arc airfolils can

be used for the present case, the symbol Qﬁcha)sc is used to



8T

1dentify the part of the correction not given by (mhﬁ)ﬂai' The mumerical values of (th)SG

ere carpubed, however, for the actuzl distorted swrface,

The induced-angle-of-atback corrschion is

Cg /2

A (ce o) i (E. - d(._y..) (19)
b

If the value of Ay 1s given in terms of the increment of downwash perameter at the

mux
¢f2 stations A( ) and the value of 5 is obbtelined from equetion {10}, the

Pollowing equation is obtained:

o/

26 f¢ )7 A+2 (%) Ps
(mha) =ﬂ%if(;3)2 3.86 o (aﬁ):-l}?Jfl 0 A(&n ) ( ) g

By the use of the data of Pigwre 10 the intogral was evaluated; hence

(Acha)% - '0'017%;:. (21)

e
VN

Gl2T oM NI 90
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The value of (Acha) may be determined from
'SC

20

(%ng) s = b?:x oy /-> f o WQ> (b/2> e

Acy,

where values of the parametor —————w— are obtained from the data

.’-.me / 1

presented in figure 9 by means of the relation

. 1/\
A J
2°h 3 (c’l < > <b> (23)
Prax | \"% mAx 0.5¢

o .®
bV ©

Bch
38,
e

Numerical values of the parameter are presented in

3

J

Pigure 11 for a 0.5-chord plain elevator as calculated from the
thin-girfoil-theory formulas of reference 12, For flaps with
overhang or internsl balances, the changes in ths parabolic-arc

F

factor — of reference 1 with the emount of balance can be

~ P L

Ce [
used ag a fair measure of the changes with overheng of the value
of mhs) determined from equations (22) and (23).

518 .

For a horizontal tall surface of aspect ratio 3, with 0.5-chord
0.85-span plain slevator having an assumed value of cz = 2%

\' T+ 2

ey o

and. (ona
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(Achs)sc = 0.2005 per radian {2k}

The lifting-surface-theory value of the parasmeter (ChB)LS is

obtalned by substitution of values from equations (18), (21),
end (24} in eguation (17) =& follows:

- o . 159
(ChS)Ls = opg - 0.36ley, + 0.2005

In order to estimate (Chs)",s for the plan-form corrections
from the section data with arbiti*ary valuss of ©l? (%)cl’ Chy

and. Chg the folliowing expression mzy be used:

7 4
\ l'l\%)cz Fn k():‘(S)t.';zczt:f;
o = - - 0,0 25
( hajLs °1‘-'c‘> e cha 0.04E7 5 - (25) .
R (ce /c) . ba
Cy oo Tm—
: 3r
P

vhere A =3, n =1 - 0,0005¢2, end values of re

}—————-—; a
(oo/2)
presented In reference 1,

Determination of (Ch‘-‘)L .~ The lifting-surface-theory hinge-
S

moment paraneher (Ch C")LS for an 9lliptic t21l surface with a

Purtlal -epan consteaat-percerntage~chord elevator mey be estimzted
Trom the relztion

7
. \ [‘\Ach“ s

(on )Is=0~h (1—35) -
&, SR N o) 1.8 [(AC:J'C,)S

C]Part_ial—spun K_,_ Ch;::,)sc]

. Jull-spen '
C Full..gpan 2
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. o1
Vealues of [L‘C’hcc 1 and (——-) are presented in
: ( )SC—'zml-span «/1s |

(eone)es]
i he, SClp -

rerference 1l and values of the watio v fartial span’ derived

Ef '/"Chc:,)w ]
\ sC

) Full-span
from the curves used in sebimating the corrsections presented in
reference 2, are given in figure 12,

COMPARISON OF IIFTING-SURFACE-THERORY RESULES
WITH WIID-TUNNEL DATA
The difference betwsen the aspect-ratic corrections for full-
gpan elevators and pertilal-span elevators can be determined from

the wind-tunnel data presented in apperdix A for a condition
¢irectly comparatle to the case coneldered in the present peper

c b
(A = 3, elliptic plan form, — = 0.5, and gei =0,85). In
[o]

reference 1, some difficulty was encommtored in checlking the
eccuracy of the thecreticel aspect-ratio corrections against
sxperimental wind-tunnel dats because of the scarclty of comparable
gectlon and finite-spsn data. Tven the slisght surface lrregu-
larities obtained in construction of two different models caused
large enough changes in the messured hings moments so that ths
accuracy of the thecreticel aspect-retio corrections was dlfficult
to evaluate, The eccuracy of checldng the difference 1in the
corrections for the full-span slevator and ths partial-span sle-
wator, however, shouw'd bs velabively good since the same modsl
vas used for both tests, the tip of the elevabor being fastened
to the slevator 1n ome case and to the stebilizer In the other
case,

In teble I is presented & sumisry of the 1ift and hinge-
monent paremeters measured fram the wind-tumel datz of figurs 13
end estimeted by moans of lifting-line and lifting-surface theories.
fo values were estimated for the elevator with cubt-out, In
table II the incramental differcnces in the parsmeters Ffor tho
full-span and the pertisl-spen elevator are glven, and in table IIT
tho 1ift end hinge-moment parameters caused by cut-out are glven.,
For the lift parameters both theories predicted approximately the
correct increment; however, tho slope of the hinge-moment coeffi-
clont agalinst elevator deflectlon estimeted by lifting-surface
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theory is in much better agreement with the experimental values
than the slopes estimated by lifting-line theory.

Only &bout 10 percent of the incremsntal difference for the
slope of the curve of hinge-mcment coefficilent against elevator
deflection 1s given Tty lifting-ilne theary; the total lifting-
surrace=-theory increment is -0.CC09 per degree Lor the configura~
tlon considered herein.

The effects of the cubt-out, especially uvpon the hinge-mcment
characteristics, were extremsly large (see table I} end no adequate
theory is available to estimate the effects of the cut-out. In
addition, very little experimental section data are avallable for
airfoll sectione similar te those at the cut-out. The large effect
of the cubt~out indicates that lifting-swrfece-thoory solutions such
a8 are glven in the present peper and in refcrence 1 are definitely
limited to tail swrfaces without cut-outs as woll as to small angles
of atbtack and small elevator deflections. —

CONCLUDING REMARKS

An electrcmapnetic-anclogy model of the vortex load, esti-
mated from lifting-line tleory with an arbitrary fairing near the
elevator tip, on a thin -.liptic horizontal teil swrface of aspoch
ratio 3 with a 0.5-chord 0.85-span plain olevebtor wms constructed
and tested. The aspect-ratio corrections to tho 1ift and hinge
moments were calculated from the measured reozults.

A comparison of the aspoct-ratio corrcctions for the partisl-
span elovators wes made with those previously presonted for full-
span elovators. The comparison indicates that the incromental
difference in the 1ift parameters botween the full=-span and the
partial-span elevators may be estimated satisfactorily by lifting-
line thocry. Tho incremental difference for the curve of hinge-~
nenent coefiicient against angls of attack is usually small.

Only gbout 10 percoeut of the increamentel diffcronce for the slope
of the curvc of hinge-moment coofficiont amgeinst eluvetor deflec-
tion is givon by lifting-line thocry; the total lifting-surface-
theory incremont is -0.0009 per degree for the configuwration con-
gidered hereoin,

Vind-tumiel results for a tall surface of the sams plan form -
wore prescnted. The differences in tho estimated lifting-swrfaco
agpect~ratio corrections for the full-span and partial-spen els-
vators were checked satisfactorily by the exporimental data. A )
few tests with a cut-out for the rudder were also prcscnted. The
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effects of the cub-out, especially. upon the hings-morent character-
ietics, wers extramely larse aud no adsquate theory is cvallable

to estimate tho effects of tha cub-out. The large effect of the
cut-out indicates that lifting-surface-theory solutions such es

are given in the vresent paper and previously are definitely linmited
to tail surfeces withcut cut-ovbts as well as tc omell angles of
ebiack and small elevatvor deflections,

Langley Memorial Aeronsub?~al Laborasory
Waticnal Adviesory Coczxltise for Aeronzutics
Langley Field, Va., August 20, 1946
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APPENDIX A

VIND-TUNNEL TESTS

By E. Page Hoggard, Jr,

The test results presented herein were obtalned to check the
theoretical changes in the espect-ratio corrections resulting from
the use of pertlal-spen clevators. The effect of a rudder cut-out
in the slevabor was also tested to find out the order of magnitude
of guch a modification of the elevetor.

Apperatus, Model, Corrections, and Tests

All tests were made in the Lengley L- by &-foot vertical
tumnel modified es described in reference 13. Tuc elliptic semispan
tail surface (fig. 14%) was constructed of laminatcd mshogany &and
conformed to the WACA 0009 proflle. In the prcsent lovestigation
ono elevator with a chord 50 percent of the tall chord was tested.
This elevator had & plain rodius nose with a gep of 0.5 percent of
the airfoil chord. Tihe model was equipped wlth a removeble cut-cub
block and an elcvator tip block so that the four model configurations
ghown in figurce 14 could bo obtained., The clevator tip block could
be Testened to the elevator or to tho mein pert of the tall surface.
The trailing-edge angle of the model meoasures 11.1°, whercas the
theoretical trailing-cdae ngle (from the published ordinates)
measures 11.6° for the NAUA 0009 airfoil,

The tall surfaco was installed as a reflectlion-plane model
by mounting the model with the root section adjacent to onc of the
tunnel wells., This system is therefore anclogous to mownbing a
€-Icot-span model in an €- by 6-foot turnsl. Tho modol was
sunported by the balance frome so that the 1ift actbing on the
modcl could be measured, The gap bebtwoen the bummel wall and the
root mection wes about 1/32 inch.

The greater part of the elevator hingze moment (trensmitted
through a torque tubo) wos measured by epvlylng welghts at a knowm
lever arm outside the tunnel; the additional increment wag measured
with a calibrated &izl asttached %o a long flexible teorque rod.

Flevator deflections wore sct with an electric control-surface
pogition indicator.
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Each model contiguratlon was tested with the gop cpen ard with
the gep seo2led. The ssel wes mads of impregnated febrie., The model
was tested through an angle-of-attack ranie of +20° with elsvabor
neutral, and at zero angle of attack through an elovator-deilection
range fram -5° to 30°. :

A dynsmic presaurs of 13 pounds per square foob, which corre-
gvonds to an airspeed of Tl miles per hour at shtandsrd ses-level
conditions, wes meintained for all tests. The test Reynolds mumber
was 1.hk3 X 105 besed on e mean aerodynenic chcrd of 25.81 inches.
The effective Reymolds nutber (for meximm 1ift coefficlents) wes
approximately 2.76 X 106 baged on a twrbulence factor of 1.93 for
this tunnel.

Ko corrsction -ms made for learege arcund the model support.
The following tunnel-wall correchions wer: added to the datas

Ao = 2,188 Crp {for all four model configurations)
A0 = 0.013% Crp (#ulli-span elevater without cub-cut)
L0y = 0,0135 Crip (full-epan elevaebor with cut-ouk)

&3y, = 0,0159 Ctm (pertial-span elevator withcut cut-out)

Ay, = 0,0163 Crp {partinl-spen elevator with cub-out)

vhere CT‘T is the totel wcorracted 1lift coefficient. For methods

of calculating corrections for roflection-plsne models, see refer-
snce 1h,

Although the elevator. leflection tests wers run with the
geometric eéngle of attuck at zmero, the Jget-boundery correction o&a
miven in the foregoing carrections indicates thot nart of the total
1ift end elovator hinge moment results from a Jeb-Loundary induced
angle of attzck. The »lote againet elevabor dsilecticn theefore
wors nade and ths slopes wers read by using the test date as cor-
rected in the followingz eguations:

C = : -
Lcorrec'bed CI’uncomrected A CI'G.

C; = C - Jlo: C
Roorrected Bincorrected ho,

s
LE‘corra cted
(es) bl

CI'G-

N v/C
¢ correocted
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Data

The 1ift ond elevator hinge -moment cheracteristics of the
molel tested are presented in Tigvrs 13, The various parsmeters
are nresented in table I. Tho slopes wers determined For the small
angle-of-atteck and deflection range,
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APPENDIX B

ESTIMATTON OI Cho:, ARD Chs FOR FEETFR ATLERONS

Because the aspect-ratio corrections glven in the present
Paper and In reference 1l are obtalned from a linear lifting-surface
theory, it 1s possible to superimpose the lifting-surface-theory
solutions and thus obtain the solution for O.5-chord 0.15=-span
feeler ailerons on a wing of aspsct ratio 3. Of course, the
arrangement obtalned by the use of superposition similates two
allerons, one on each wing tip, deflected in the same way. A few
calculations indicate that the mutual influence of the aillerons
upon the hinge-moment characteristics may, however, be safely
neglected.

Detailed calculetions of the aspect-ratio corrections for
this arrangement are not preosented because tho procedwre lig sgimilar
to that used for the partial-gpan elevators as given in the main
part of the paper.

Because the data are for a rather low aspect ratio for a
wing (A = 3), the results for the feeler aileron sre mainly of
comparative value. The Incremental differonce botween the estimeted
finlte-span values and the section values of the hinge-moment
paremeters (per degres) for the full-span olevator, +the 0.85-span
olevator, and the 0,15-gpan fToeler alleron are as Ffollows:

Configuration Mhm ACh8
Full-span elevator 0.0C60 0.0053
0.5 ~span elevator 0059 0062
0.15-span feeler aileron +010k% 0090

vhere the section values are

Ch8 = "OcOlll-
and

ch& ~0.010k
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The espect-ratio corrections for the case of the feeler alleron
are about TO-percent larger than for the czse of the full-spun ele-
vator. The rather large 1 :lves of the aspect-ratio corrections ere
shown especlally for the zspect-ratio correction to Chq; which is

egqual to the section value, so thet the net wvalue of Cha eguals O,
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TABLE X
DARAMETERE MEASTHED FROM WIND-TUNREL DATA AND CATCULATED FROM THEQGRETTUAL DATA

Csloulations ware not malls for the errangwents with out.out decause of a
lack of oosparabls mection data end theoretionl results.

it
™ "y
cep Cutont Foll.-spen Tlep Faebial-spen flop Tull-span £lap Pertinl-ppen flop
Calowatod Calou)ated Calenlated, Crlonleted
Moasnrad Meaored Heasured Moasuzrad
() () {a) (v) () (v) {a) {n)
Sealel | Without | 0.0%8 o.062 | 0053 | oo | o062 | 0053 | o051 | o008 | o.oke | 0,038 0,085 | o0.0%0
0.0050 | Withowt | .050 .D60 - 060 o2 .038 Ok6 0h0 .036 0h3 038
Soeled | With b5 R .0k7 e | m—— 031 — ———— 028 cmmemen |t
0.0050 | With .ChB NSO - 7 I SR, [ — 026 cwrmnime | ———— 023 wmmmnme | cpmamas
Iings . cment
. Chg, Oy
Gap Foll-spen flap Partial-spen flzp Yull-spen £1lap Partial -span fiep
Calonlated, ; Oalonlnted Calonlated Calonlated
Moaenored, Yoasmrel Meawrad Hoammrod
(n) {b) (n) (b) (a) (b) (2) (v)
Oesalsd | Withowt | -0.0037 | -0.0065 |-0.00%4 | .0,0037 | 0,008 |-0.00%8 | -0.0082 | -0.0i09 | -0.0007 | 0.0073 | <0.0008 | -0,0078
0.005¢ | Without | -.00K3 -,0066 | -.0085 | .. 00k2 ~.0066 | -.00%7 | -.0078 - 0111 | -,0090 | 0068 =0109 | -,0080
m “iﬁ "-mlﬁ' meenass | sessa=g -.00].3 ———— A o = -.wﬁl - —evatve eseterssmm u-.W - erasey -
0,00%0 | With B L e T e S TTY. ¢ L J [ GRINL A I , ; . T [EUSOVO, SRS SR |, S [ R
Compated by Lifting-léns theory,
Poompated, by Lifting-evrface theoty.
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TAELE II

TACHEMENTE TN PARAMPIERS CAUSED BY PARTTAL SPAN

a%or ator, vy B0,
Gap Cut—out Caloulated Calonlrted Caloulated Calcnlated
Moasured, Hoamred Maaured Measwred
() | (v) (a) (v) (a) (b) {a) (v)
Sealed | Wthout 0 0 0 0.003 0,003 | 0,002 0 0 0.0002 0,0000 | -0,0001 | -0.0009
0,00% | Withowt ) ) o 003 003 003 | -0.0001 0 .0002 -.0010 -.0002 -,0010
Bealed | With 0,002 S 003 U -.0002 N [ w0003 | memeaee | cmee —
0.005c | With 0 S ,003 —— | ——— 000k IO e N [P, —
t
‘me.‘bed by lifting-line theory,
Pocnputed 1y Litting-surfeoe theory.
YARLE TIT
TRCERMERTS 15 PARANSTERS CAUSED DY CUR-OUE )

Gap Flap apen or, Ao a0y Ay,

Bsaled Full 0.003 0.010 -0.0022 -0,0041

0.0050 Pull .oog 012 -.0025 -,0022

Seqled Partinal 005 .010 -,0021 -.0035

0.005¢ Purtial —_— 012 -.0026 -, 0016
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NACA TN No. 1275 Fig. 11
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Fig. 12 ' NACA TN No. 1275
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NACA TN No. 1275 - Fig. 13a
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Fig. 13a cont. IJACA TN No. 1275
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Fig. 13a conc. NACA TN No. 1275
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Fig. 13b conc. NACA TN No. 1275
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